and when it was fixed at an annual optimum tilt angle, those losses were 5.7%.
Introduction

28
Because of a significant increase in energy demands, conventional energy sources are being 29 violently consumed, leading to an increase of pollutants, which are released from the burning of 30 fossil fuels. Knowing that solar equipment's do not have moving parts, they are considered to have 31 agreater lifetime and do not cause pollution compared to other energy sources.
32
Therefore, solar energy is considered as one of the best solutions. 
54
In the city of Shterpca, the annual solar radiation is estimated to be 1333. 7 
61
It is believed that proper installation of these devices can make a remarkable change in the observed 62 performance. Hence, climatology, latitude, orientation, tilt angle, azimuth angles and the usage over 
65
The tilt of a surface (β) is one of the significant factors that considerably affect the availability of 
Solar radiation data
In this paper, we used meteorological data for daily mean global and diffuse radiation on a 104 horizontal plane, which are taken from the Meteorological Institute of Kosovo and are presented in Figure 1 . The surface reflection factor is assuMEM to be 0.20.
106
The maximum values of monthly mean solar radiation are reached in July and the minimum As can be seen from Figure 1 , the highest value of average global solar radiation from all cities of These data are often not available. Therefore, we need tend to estimate the data by considering 123 the monthly average global solar radiation on a horizontal plane, (presented in Figure 3 ) which is the 124 most important parameter for estimating the optimum tilt angle.
125
In this study, we present a simple and universal method for determining the mean monthly 
129
Thus, the monthly average total solar radiation (in kWh/m 2 -day) for an inclined surface is given
130
by this equation:
Where mathematically, the optimal value of the tilt angle (βopt) is determined by differencing Eq.
132
1 depending on the angle of inclination (β).
133
R is the ratio between the mean monthly global radiation on an inclined surface than for the 
Reflected radiation is the part of total solar radiation that is reflected by the surface of the earth,
140
and by any other surface intercepting object such as trees, terrain or buildings on to a surface 141 exposed to the sky is termed as ground reflected radiation [36] . Reflected radiation on an inclined 142 surface is given by:
r R is the reflected conversion factor:
where ρ is the constant which depends on the type of ground surrounding tilted surfaces and is 
156
is most obvious in the clear skies [40] . In general, the diffuse fraction of radiation on inclined surface 157 is composed of isotropic, circumsolar, and horizon brightening factors. In Liu and Jordan (1960) [41] 158 model, it was assumed that the diffuse radiation is isotropic only; whereas, circumsolar and horizon
159
brightening were taken as zero.
160
Diffuse radiation falling on an inclined surface is given by:
where d R is the diffuse conversion factor presenting the ratio of diffuse solar radiation on an
162
inclined surface to diffuse solar radiation on a horizontal surface, given as:
Data on monthly average daily global radiation which were taken from 
where SSHA is the sunset hour angle in degrees on the "monthly average day (n)", which can 167 be calculated from the following equation:
NHSA is the noon solar angle from the horizon in degrees on the "monthly average day (n)"
169
and can be calculated from the following relation:
The monthly average clearness index T K is the ratio of monthly average daily radiation on a 171 horizontal surface to the monthly average daily extraterrestrial radiation and can be obtained from: According to Cooper (1969) [44] , declination angle is calculated using the following relation:
where n is the day of the year.
184
Various researchers have proposed numerous models which are classified as isotropic 
191
(isotropic) model has been used to estimate total solar radiation on inclined flat surfaces facing
192
south.
193
The angle of incidence for a surface oriented in any direction can be mathematically expressed 
For a horizontal surface (β=0 o ), the angle of incidence (θ) becomes equal to zenith angle (θz).
197
Substituting this value in Eq. (17), zenith angle can be written as:
The total solar energy received on an inclined surface is the sum of beam and diffuse radiations 199 directly incident on a surface and reflected radiations (reflected by the surroundings).
200
According to Liu and Jordan (1960) [41], the beam conversion factor b R is given as: 
where ω is the sunrise (or sunset) hour angle for the inclined surface. 
If a surface is inclined from the horizontal, the Sun may rise over its edge after it has risen over 206 the horizon. Therefore, the surface may shade itself for some days. The sunrise and sunset angles for 207 an inclined surface ( ) facing the equator (i.e. facing south for the northern hemisphere) is given by:
Results and Discussions
209
In this paper, Equations (1-22) are applied to determine the monthly mean daily global solar 210 radiation on the south-facing inclined surface for the current location. By changing the tilt angle 211 from 0° to 90° in steps of 0.1°, the optimal tilt angle is defined by the corresponding value of 212 maximum solar radiation for a given period.
213
Using the procedure described in the previous Section 3, and based on the Liu and Jordan (1960) [41] model, estimations have been made to obtain the optimum monthly, seasonal, and For the location under study, the monthly optimal tilt angle has been estimated with the 219 method described in Section 3. The results are shown in Table 4 . The daily extraterrestrial radiation 220 on a horizontal surface, clearness index, diffuse solar radiation on a horizontal plane, optimal tilt 221 angle βopt, monthly average daily global radiation in optimal tilt angle, and the comparison with (in 222 percentage), has also been estimated. Table 4 shows the minimum and maximum value of, which 223 correspond with December and July respectively.
214
224
For the location under study, the monthly optimal tilt angle has been estimated with the 225 method described in Section 3. The results are shown in Table 4 shows the minimum and maximum value of T H , which correspond to the months of December and July respectively. 
240
The result also indicated that the optimum angle varies with the months of the year. The 
255
Gains of solar radiation available on an inclined surface are defined by the following equation:
where i= monthly, seasonal and annual
257
Therefore, four seasonal optimum tilt angles were obtained (corresponding to each season) - angle was calculated by using expressions from Section 3 and has resulted to be 34.7˚ for Pristina.
261
Annual average total gains of solar radiation on an optimally tilted angle of a surface in 
264
The difference between the total solar radiation at monthly, seasonal, and annual optimum tilt
265
angles is very small. However, there is a loss in solar radiation available, when a surface is fixed on 266 seasonal or annual optimum tilt angle in comparison to a fixed monthly optimum tilt angle.
267
Losses of solar radiation available on an inclined surface are defined by:
where j= seasonal, annual.
269 270 271 Losses of solar energy were estimated by 1.13 %, when a surface was fixed at the seasonal 273 optimum tilt angle, and when it was fixed at the annual optimum tilt angle, those losses were 5.7 %.
274
For the location under study, the data have been estimated for the seasonal and annual optimal 275 tilt angles with the method described in Section 3. Table 5 shows the results for the diffuse radiation 
